OBJECTIVE: To investigate if there is a longitudinal relationship between the development of fat mass in males and females (aged between 12 ± 28 y) and their lifestyle, with respect to diet and physical activity. DESIGN: In the Amsterdam Growth And Health Longitudinal Study (AGAHLS), a group of 500 boys and girls are being followed from the age of 13 y (mean age 13.5 y), over a period of 20 y until the age of 32 y (mean age 32.5 y). SUBJECTS AND MEASUREMENTS: Data from AGAHLS are analysed of six repeated measurements of growth (body height, body mass, four skinfolds), health parameters with respect to cardiovascular disease (CVD) (obesity, hypertension, hypercholesterolaemia) and two important lifestyle tractors: physical activity (PA) (weighted energy output) and dietary intake (DI) (total energy intake, contribution of fat, carbohydrate and protein) of about 200 males and females between the ages of 13 ± 27 y. RESULTS: The longitudinal results of PA show a steep decrease in the energy expenditure from the age of 13 y from about 4500 Mets per week to 3000 Mets per week at the age of 27 y in both sexes. The longitudinal results of DI also show a decrease in energy intake per kilogram body mass from about 225 kJ per day at the age of 13 y to about 155 kJ at the age of 27 y. During adolescence, boys show a 15% higher energy intake and a 20% higher energy expenditure than girls. At the age of 27 y, the difference between the sexes in energy intake is reduced to 10% and the difference in energy expenditure disappears. Results of tracking analyses over the period of 15 y indicate a low stability coef®cient of PA (0.34; 0.19 ± 0.49), but higher coef®cients of DI (0.55; 0.45 ± 0.64) and fat mass (0.63; 0.56 ± 0.71). The search for important lifestyle factors that can discriminate high-from low-risk participants for a high fat mass, estimated from the sum of four skinfolds and body mass (BM), resulted in an Odds Ratio (OR) of 1.5 (1.2 ± 1.8) with daily intake of proteins and an OR of 0.81 (0.69 ± 0.96) with PA. Surprisingly the fat mass is negatively related with the daily intake of energy per kg BM (OR: 0.37; 0.28 ± 0.49). The longitudinal relation between fat mass and PA (corrected for DI) between the ages of 13 ± 27 y, showed a signi®cant inverse relationship (P`0.01) if fat mass was estimated from the sum of four skinfolds, but not if estimated from the body mass index (BMI). CONCLUSIONS: Over the adolescent and young adult period from 13 ± 27 y, fat mass indicates a fairly good predictability. A high PA in both sexes is related with a low fat mass. Therefore promotion of habitual physical activity in the adolescent period seems effective in the early prevention of obesity.
Introduction
Since the nineteen sixties there has been a clear increase in the prevalence of obesity not only in adults but also in youth and not only in the US and Canada, 1 but also in Europe. In the Netherlands, the prevalence of severe obesity (body mass index, BMI b 30) is estimated for 1997 as high as 7% for adult men and 11% for adult women. 2 The increase is also discernable in youth. 3 In the US adolescents aged 12 ± 17 y, the increase in the prevalence of obesity measured with triceps skinfold was about 18% in boys and 21% in girls between 1963 ± 1980. Moreover there seems to be a clear relation between obesity and other biological risk indicators of cardiovascular diseases (CVDs) 4 such as hypertension, hypercholesterolaemia and non-insulin dependent diabetes mellitus (NIDDM). Obesity during childhood and adolescence is supposed to be an important determinant of whether a subject will become obese as an adult. 5 It has been found that 40% of children who were obese at the age of 7 y, became obese adults, whereas b 70% of obese adolescents became obese. 6 Apart from biological indicators, 7 many lifestyle factors are associated with the development of obesity in youth; important lifestyles in this respect are physical activity (PA), dietary intake (DI), smoking, drinking and early events in foetal and infantile growth. Most prevention programs focus on healthy diets and a more physically active life, because these two lifestyles are thought to be of major importance in the development of obesity. Therefore successful prevention of obesity seems to be started early in the growing years of adolescence and focusses on dietary habits and habitual PA.
In this paper, the results of a longitudinal study will be presented, in which the relationships of a group of healthy adolescents aged 13 y, followed over a period of 15 y until the age of 27 y, are investigated to discover their daily DI and daily PA (as important lifestyles) on the one hand and the development of their body fat (as a risk indicator for CVD) on the other hand. The major goals of this study are to determine: (1) the longitudinal in¯uence of two lifestyle factors on the development of obesity and (2) the amount of tracking of PA, dietary patterns and obesity over time in young males and females. The data in this paper were collected as part of the Amsterdam Growth And Health Longitudinal Study (AGAHLS).
8,9

Methods
The Amsterdam Growth And Health Longitudinal Study (AGAHLS) 8, 9 used a multiple longitudinal design, in which repeated measurements are made in three birth cohorts (1962, 1963 and 1964) of males and females. The subjects were recruited as a whole sample from a secondary school in Amsterdam. Between 1976 ± 1998, eight repeated measurements were completed: during the school period (13 ± 16 y) four annual measurements, a ®fth in 1985 (mean age 21 y), a sixth and seventh measurement in 1991 and 1993 (mean ages 27 y and 29 y) and a ninth measurement in 1996a1997 (mean age 32 y). Over the 15 y period, the total drop-out rate was 40%.
Anthropometric measurements of body height, body mass and four skinfolds (biceps, triceps, subscapular and crista iliac) were performed according standard procedures. 10 Fat mass was estimated as a percentage of body fat from the sum of four skinfolds (mm) and body mass (kg) according Durnin and Rahaman. 11 BMI, being the ratio between body mass (kg) and body height squared (m 2 ) is also included as an indirect measure of fat mass, because it is often used in epidemiological research as the only measure of obesity.
Apart from this biological risk indicator for CVD two lifestyle factors have also been monitored. DI was measured by a modi®cation of the cross-check dietary history interview, in a time frame of the last three months. 12 All subjects were interviewed by a dietitian to recall their usual food intake (foods and drinks) by reporting the frequency (limited to at least twice a month), amounts (with models used to illustrate common portion sizes such as glasses, bowls, spoons and imitations of sizes of potatoes and fruits; a pair of scales to weigh sugar and butter addings) and methods of preparation for the foods consumed during the previous month. During adolescence (13 ± 17 y) the parents are questioned on the details of several food items (for example, skimmed or whole milk) and preparation (addition of butter and sauce to vegetables and meat). All food items consumed were transformed into nutrients by the Dutch Food and Nutrition Table. 13 The following food characteristics are used: total daily energy intake (relative to body mass) and percentage of energy from carbohydrates, fat and protein.
PA was measured by a standardized activity interview based on a questionnaire. 14 The interview was retrospective over the previous three months and covered the following areas: organized sports activities, unorganized sports activities (for example, playing in the street), active transportation (for example, bicycling) and, activities at home, school and at work.
Only those PAs with a minimal duration of 5 min and an intensity level of four times the basal metabolic rate (BMR, 4 Mets) were taken into account. The PAs were classi®ed in three intensity levels of 5.5 Mets, 8.5 Mets and 11.5 Mets. 15 The PA score was calculated as the average weekly time (min) spent, multiplied by the level of Mets. This weighted energy expenditure, was used as the PA score for each subject in each year of measurement.
Both body composition and lifestyle factors were obtained for each year of data collection by identical procedures for all subjects.
Tracking of both biological and lifestyle risk factors was assessed by stability coef®cients from a regression model, in which the initial value of a certain indicator is regressed to the entire longitudinal development of that factor. The relationships between the initial value and all other values are tested simultaneously, leading to one standardized regression coef®cient (beta), which can be interpreted as a longitudinal correlation coef®cient or stability coef®-cient. 16 In the current analysis, six data points are used (at the mean ages of 13, 14, 15, 16, 21 and 27 y). The major advantage of this method is that the stability coef®cients are calculated using all available longitudinal data. The magnitude of this stability coef®-cient ranges from 0 ± 1, which makes the coef®cient interpretable as a longitudinal correlation coef®-cient. The magnitude of the stability coef®cients was estimated with generalized estimating equations (GEE).
To analyse the relationship between lifestyle factors on the longitudinal development of a high fat mass, at each longitudinal measurement the subjects were divided into two groups with respect to their fat mass: the threshold values were based on the values for percentage of body fat ( b 20% for males and b 30% for females) and BMI b 25 kgam 2 . The magnitude of the relationship with lifestyle parameters was calculated with a statistical model described earlier 17 and the parameters estimated with GEE. The longitudinal relationship between lifestyle factors and high fat mass factors was also analysed with GEE.
Lifestyle and obesity in adolescence and young adulthood HCG Kemper et al With GEE, the longitudinal relationships are analysed by using all available data and under correction of both time-dependent (for example, age) and timeindependent (for example, gender) covariates. The method also takes into account that the repeated observations of each individual are not independent. As a result of these analyses, Odds Ratios (ORs) were calculated which indicated the relationships of obesity with DI and PA over the 15 y period.
In all analyses, a probability level (P) of signi®-cance of P`0.05 is accepted. ORs and regression coef®cients (beta) are given with a 95% con®dence interval (95% CI).
Results
Population characteristics
In Table 1 , mean and standard deviations are summarized for the main characteristics (anthropometrics, measures of fat mass and two lifestyle factors: DI and PA of the males (n 83) and females (n 98) at the mean age of 27 y.
The differences between the sexes are statistically signi®cant in all anthropometric measures (P`0.01) except for BMI (P`0.06). In their DI, males show a signi®cantly higher energy intake and a lower percentage protein intake, than females. PA was not signi®cantly different between males and females.
Age changes of lifestyles
The longitudinal results of DI between the ages of 13 ± 27 y (Figure 1 ), show a decrease in energy intake per kilogram body mass from about 225 kJ per day at age 13 y to about 155 kJ per day at age 27 y. Boys show a higher energy intake throughout the adolescent (13 ± 16 y) and young adult (17 ± 27 y) periods, but in the adolescent period the energy intake is 15% higher than girls and in the young adult period about 10%.
The longitudinal results of PA ( Figure 2) show a steep decrease in the energy expenditure in both sexes from the age of 13 y on from about 4500 Mets per week to about 3000 Mets per week at the age of 27 y. During adolescence, boys show a 20% higher energy Table 1 Mean and standard deviations of the physical characteristics (body height, body mass, sum of four skinfolds, % body fat, lean body mass, body mass index) and lifestyle measurements (physical activity (PA) and dietary intake (DI)) of the males (n 89) and females (n 97) at the repeated measurement at the mean age of 27 y. Signi®cant differences between sexes (P`0.05) are listed in the last column (NS not statistically signi®cant). Figure 1 The longitudinal development of daily dietary intake in males (n 89) and females (n 97) measured as the total energy intake in MegaJoules (kilocalories) per day between the mean age of 13 ± 27 y. Figure 2 The longitudinal development of daily physical activity in males (n 89) and females (n 97) measured as the weighted activity score in Mets per week between the mean age of 13 ± 27 y.
Males
Lifestyle and obesity in adolescence and young adulthood HCG Kemper et al expenditure than girls, but at the age of 27 y, there is no signi®cant difference between males and females. 
Tracking results
Results of tracking analyses
Relation between lifestyles and obesity
In the search for important lifestyle factors that can discriminate high-from low-risk participants for fat mass, the following was found. The relationship between DI and a high fat mass (measured as the sum of four skinfolds) resulted ( Figure 4 ) in a signi®cant OR of 1.5 (1.2 ± 1.8) with energy intake of protein, but not with the energy intake of fat and carbohydrate. The OR with total energy intake was 0.37 (0.28 ± 0.49), indicating that a relatively high fat mass was signi®cantly related with a low energy intake. With PA (measured as the weighted energetic score), a high fat mass resulted in an OR of 0.81 (0.69 ± 0.96), indicating that a high PA was related to a low fat mass.
Discussion
Prevalence rate of obesity During adolescence and young adulthood in the population of males and females from AGAHLS the PA (measured as the mean energy expenditure) is decreasing rapidly and the DI (measured as the mean energy intake) is increasing in absolute values, but not relative to body mass. The fat mass (indirectly measured from the sum of four skinfolds) is, in both sexes, gradually increasing in both males and females between the ages of 13 ± 27 y. This development results in an increasing prevalence rate for the percentage of subjects that are obese: in males ( Figure 5 ) between 13 ± 16 y`10% are obese (de®ned as b 20% body fat). At the age of 32 y (this age group is not taken into account in the result-section), this percentage is doubled to 20%; in females the percentage obese ( b 30% body fat) increases from about 10% between 13 ± 16 y to 30% at the age of 32 y ( Figure 6 ).
Representativeness of the study population
The mean BMI values, measured in 1996a1997, at the age of 32 y are 24.0 (2.6) in males and 22.9 (4.4) in females. These BMI values are almost comparable with recent data from the MORGEN study, 18 in which Figure 3 Stability coef®cients (mean and 95% con®dence interval (CI)) of dietary intake (energy intake relative to body mass per day), physical activity (PA, Mets per week) and fat mass (sum of four skinfolds) in youth over a period of 15 years between age 13 ± 28 y.
Figure 4
Odds Ratios and 95% con®dence interval of the relation between subjects at risk for a high fat mass and dietary intake (DI: energy, protein, CHO and fat) and physical activity (PA: Mets). Lifestyle and obesity in adolescence and young adulthood HCG Kemper et al for a random sample of the Dutch population, the prevalence of risk indicators is monitored. In males and females aged 30 ± 34 y, they found in 1996 a mean BMI of 24.3 (3.2) in males and of 23.8 (3.7) in females.
The population from the AGAHLS can therefore be considered representative of the whole Dutch population. Also, other characteristics such as socio-economic status (SES) showed levels that are only slightly higher than the average Dutch population. 8 Although the prevalence of obesity is about 20 ± 30%, one must take into account that the majority of males and females do show values of their fat mass that are in the normal range and are not showing any degree of obesity or overweight according the criteria of the World Health Organization (WHO). 1 The trend of increasing prevalence of obesity in youth is undoubtedly related to the changes in daily DI andaor PA.
Stability of fat mass
The fat mass estimated from the sum of four skinfolds shows a relatively high stability over the 15 year period. The stability coef®cient is 0.63 and higher than other CVD risk indicators such as diastolic blood pressure (DBP, 0.34), systolic blood pressure (SBP, 0.43) and equal to serum cholesterol (0.71). 16 The high stability of fat mass is an important ®nding because this knowledge makes it possible to aim intervention towards this biological parameter early in adolescence. The low stability coef®cient of the lifestyle indicator PA demonstrates that PA is less stable over the growing years: a boy or girl that has a relatively low or high energy expenditure at the age of 13 y does not necessarily also have a low or a high energy expenditure at the age of 17 y, 21 y or 27 y. Part of the low stability may be caused by the lack of reliability for the measurement method of these lifestyles by interview. However the reproducibility of both interview methods (as estimated by interperiod correlations showing that the zero interval of the regression line was found to be acceptable between 0.7 and 0.8). 19 Lifestyle in relation to obesity
The literature on the relation of both lifestyles PA and DI with obesity does really not exist in this age group.
The literature on the relationship between PA and obesity among adolescents gives a variety of results: cross sectional studies resulted in inverse relations. 20, 21 One intervention study 22 shows no relation and a case-control study resulted in an inverse relation. 23 The reviews by Parizkova 24 and Roberts, 25 and the meta-analysis of Ballor and Keessey 26 in general conclude that obesity in adolescents can only be altered by increasing PA and decreasing DI at the same time.
The analysis discriminating subjects with a relative high and low fat mass resulted in only one biologically meaningful signi®cantly positive relationship to DI: namely protein intake. But also a signi®cant negative relationship was proved with total energy intake. This ®nding that a higher energy intake (per kg body mass) resulted in a relative lower fat mass (OR 0.37) was not expected. This unexpected result is not in¯uenced if the nominator (body mass, which includes fat mass) is changed to body height or if energy intake is measured in absolute values. The main reason for this unexpected ®nding may be sought in the fact that the population in general was not obese (see earlier) and that a high total energy intake per se does not necessarily lead to the accumulation of body fat. The other factor in the energy balance ± energy expenditure ± has also been taken into account. The PA (measured as Mets per week) indeed showed a negative relationship with fat mass, indicating that a higher energy expenditure resulted in lower fat mass (OR 0.81). A second reason can be the well-known phenomenon of underreporting of DI by the interview method: obese adolescents are prone to`forget' food stuffs consumed, in order to please the interviewer. A third possibility is the fact that repeated measurements, as in this longitudinal study, can introduce a negative testing effect which was actually found in the boys between age 13 and 16 y. 19 Percentage fat mass or BMI?
The measurement of body fat by indirect estimations from the sum of four skinfolds or by BMI can also be questioned. The longitudinal relation between fat mass and PA (corrected for differences in DI) showed a signi®cant inverse relationship between the ages of 13 ± 27 y ( Figure 7 ) (beta 7 0.08; 7 0.03-7 0.01), if fat mass was measured as the sum of four skinfolds. This was not the case if fat mass was estimated from BMI (beta 7 0.03; 7 0.06 7 0.01). BMI is an even more indirect estimation of body fat than skinfolds, but in large epidemiological studies BMI has the advantage of its Lifestyle and obesity in adolescence and young adulthood HCG Kemper et al S38 simplicity of measurement; BMI has shown high correlations with more direct measurements of obesity andaor fat mass. However, BMI and other combinations with body height and body mass are based on a too simple model as a measure of body fatness, for instance, a variation in muscle and bone can also in¯uence the BMI. Moreover, the relationship with lean body mass (LBM), also did not show a signi®cant relationship with PA. The longitudinal relationship between LBM and PA shows a regression coef®cient of 0.00 ( 7 0.02 ± 0.02). We should not expect that a high physical activity pattern (by weighing intensity and duration of daily PAs) should increase the relative amount of muscle mass; PAs of high intensity and long duration cause training effects that are characterised by slender muscles with a relatively high density of capillarization, 20 but the muscles hardly do not show changes in muscle volume hypertrophy.
From the presented longitudinal data of adolescents and young adults, it can be concluded that from the age of 13 ± 27 y, body fatness is increasing in both sexes, which results in a percentage of obesity between 20 ± 30%. Body fatness measured as the sum of four skinfolds indicates a fairly good predictability over the development period of 15 years, as indicated by a stability coef®cient of 0.63. From the two lifestyles, only PA (not DI) is related to a low body fat mass (OR: 0.81). If body fat mass is estimated from BMI, however, this relationship cannot be demonstrated.
Conclusion
From the results, it can be concluded that the promotion of habitual physical activity in the adolescent period seems effective in the early prevention of obesity in young adults. Figure 7 Standardized regression coef®cients indicating the longitudinal relation over 15 years in males and females aged 13 ± 28 y between physical activity (PA: measured as Mets per week) with two estimates of fat mass (sum of four skinfolds and body mass index) and one estimate of fat free mass (lean body mass).
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